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LIX. On winding Electromagnets. By Professors W. E. 
AYR~o~, F.R.S., and J o~ P~RRY, M.E.* 
[Plates VIII. & IX.] 
T HE following experiments were made to determine which mode of winding a given length of wire on an iron bar 
gave the strongest electromagnet for the same current. Four 
bars of iron, each 19 inches long, were cut from the same 
rod ~ inch thick; and an exactly equal length of wire was 
wound on the four bars respectively, in the following way :-- 
1. Wire wound equally over the whole length (P1. VIII. 
fig. 1). 
9. Wire coned towards each end (fig. 2). 
3. Wire wound equally over half the iron bar, leaving the 
other end bare (fig. 3). 
4. Wire wound on one half but coned towards the end 
(fig. 4). 
Electromagnet No. 1 was put so that its axis was at, right 
angles to the axis of a small magnetic needle and passed through 
the point of suspension of the needle, which was suspended so as 
to move freely in a horizontal plane, and far enough away that 
the magnetic field due to the electromagnet No. 1, when magne- 
tized by passing a current through it, was nearly constant 
over that portion of the field in which the little suspended 
needle moved when deflected. A constant current was now 
passed through the coil on 1go. 1, and the deflection Of the 
little needle observed when I~o. 1 was placed at different dis- 
tances from the centre of the test-needle, the axis of No. 1, 
however, always remaining in the same line. Under these 
circumstances it is well known that the strength of the field 
produced by No. 1 at the centre of the test-needle is approxi- 
mately proportional to the tangent of its deflection. Experi- 
ments were now made in a similar way with electromagnet 
No. 2, and with each end of No. 3 and of No. 4, the same 
current as was employed with electromagnet No. 1 being used 
in all cases, and which was much below the saturating current. 
The results obtained are given in the accompanying table~ 
and are shown plotted in the accompanying curves (fig. 5), 
vertical distances representing the distance between the near 
end of the electromagnet and the centre of the test-needle, 
and horizontal distances the tangents of the deflection of the 
test-needle: AAAAis that fo rNo .  1; BBBBforZqo .  2; 
CCCC for the covered end of No. 3;  DDDD for the 
uncovered end of :No. 3; E E EE  for the covered end of 
No. 4 ; and F F F F for the uncovered end of No. 4. 
Communicated bythe Physical Society of London ; read December 9, 
188~. 
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Phil, Mag. S 5 .Vo] 15. P1 VIII 
r~g,  l ,  
~g.  3.  
~ WINDING ELECTROMAGNETS" .  
CURVES BETWEEN 
TANGENT OF" DEFLECTION OF NEEDLE- AND 
D ISTANCE OF" CORE FROM NEEDLE. 
a~ 
zw 
0-5 3. 1.5 2 2"5 3 5 4' 4 5 5 5 5 6 G '7 
HORIZONTAL- SCALE TANGF..NT OF" EIEFLECTION OF NEEDLE.  
Fig. 5. 
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398 13rofessors Ayrton and Perry on 
Distance in 
inches between No. 1. 
the near end of 
the bar and the I 
centre of" the 
test-needle. ])ef. Tan. 
3~. 79 ° 5"14 
4 .  
;5 
6 
7 
8 
9 
10 
No. 3. 1%. 4. 
:No. 2. 
:Def'ir'l ?an. ':Def. Tan. '-Def. 
77 4"33 71 2'9 77 4'33 53 
69½ 2"6~ 58 1'6 66 2'24 46 
59 l'ti6 47 ;1'07 56 1"48 39 
50 1-19 37 '0'76 ! 46 1'04 32 
42 0"9 30 0'58[ 37} 0'79 27~ 
35 0"7 24 0"46 30 0"58 18" 
,[ 30 0'58 20 0"36 25 0"47 13 
Covered ! Bare Covered 
end. end. end. 
Tan. Def.iTan. 
1"54 67°i 2"30 
1"331 62 1'88 
1"04 52 i 1"28 
0"81 43 !0"93 
0'62 36 10'73 
0.52 29 i0'56 
0'32 22 0-48 I
0'23 17 0'31 /
Bare 
end. 
Def. Tan. 
27 ° 0'57 
21 0"38 
14 0"28 
0"19 
0'16 
7 0 '12  
0"07 
0'05 
To ascertain the distribution of the lines of force, iron 
filings were sprinkled on paraffined paper, and the positions 
the filings took up fixed by the paraffin being softened by a 
heated piece of copper being passed over the paper at a short 
distance above it. These fields of force are shown in the 
diagrams 6, 7, 8, and 9(131. IX.). From the curves in fig. 5 and 
,rein the iron-filing curves it is seen that the ffect of coning 
the wire is to produce a strong field very near the pole, but 
that the force falls off very rapidly as the distance f~om the 
pole increases. With No. 2 magnet~ for instance, the field 
between the poles is so weak that scarcely any definite arrange- 
ment of filings is traceable in the diagram 7 corresponding 
with it. 
From the curves in fig. 5 it is seen that~ at considerable 
distances from the end of the electromagnet, the uniformly 
coiled magnet 1%. 1 produces the most powerful field, while 
for points nearer the magnet, but still at a distance of about 
3 inches from it, the covered end of No. 3 magnet, corre- 
sponding with the curve C C C, produces the strongest field, 
the next strongest being produced by the magnet No. 2 with 
the wire coned towards each end~ since obviously the curve 
B B B cuts the curve A A A at a point corresponding with 
a distance of about 3 inches from the end of the magnet. For 
distances very. close to the magnet, this method of experiment- 
ing cannot, of course, be employed to measure the resultant 
force accurately; and hence observations by this method at 
"~ inches from the end of the magnet distances of less than 9  
to the centre of the oscillating needle were not made~ and 
conclusions as to the resultant magnetic force very close to 
the poles must~ of course, not be drawn from the curves in 
fig. 4. 
Returning to the curves taken up by the iron filings~ we 
see that :No. 1 magnet gives an arrangement similar to that 
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Pl~ll. Mag. S. 5 .%1.18. P1 IX. 
"WINDINQ E LE CTROMAGNF-TS." 
LINES OF FORCE AS SHOWN BY IRON FILINGS. 
WOUND REGULARLY OVER ~HOLE LENGTh. 
N °` 7,  
WOUND CONED TOWARDS E.AOH END. 
N? 8. 
WOUND REGULARLY OVER HALF LENGTH• 
s 
~Y 
N? 9. 
WOUND CONED OVER HALF" LENGTH. 
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winding ~lectromagnets. 399 
of an ordinary regularly magnetized bar-magnet. With No. 
2 the lines around tile poles are similar to those of No. 1, but 
the field between the poles is very weak. Magnets Nor. 3 
and 4 give very similar figures, showing a very peculiar 
distribution of force. There is a great concentration f the 
lines at the pole corresponding to the half of the iron which 
is covered with wire ; but the unwound end seems to form a 
long weak pole, with its maximum force near the centre of the 
bar, i. e. at the inner end of the eoil,--the differences between 
these two being, that with No. 4 magnet here is, compara- 
tively, a greater concentration f force at the wound pole, and 
that the opposite pole is longer and extends a little way into 
the coil--the result of the coning of the wire. In these two 
eases the unwound end of the iron seems to act like an arma- 
ture. 
To ascertain the force which each magnet would exert 
on an armatur% experiments were made and the following 
results obtained, the current flowing through the coil in each 
case being exactly the sam% as well as the armature m- 
ployed : -  
Weight required to detach t e armature 
Magnet. from the covered end of the magnet. 
No. 1 45 ounces. 
2 57 , 
3 57 , 
4 77 ~ 
These results confirm those previously obtained~ that tho 
field produced by the covered ends of the electromagnets 
numbers 2 or 3 at distances near the pole is nmch stronger 
than that produced by No. 1. But they show something else, 
viz. that for very small distances it is the covered end of 
No. 4 that produces the strongest field. In other words~ 
returning to fig. 5~ the era're EE~ although much below the 
curves AA, BB, and C C, must rise rapidly and cut the others, 
just as the curve C C cuts the curve A A~ at a point corre- 
sponding with a distance of about 4"2 inches from the end of 
the magnet, and just as, again~ the curve ]? B cuts A A at a 
point corresponding with a distance of about 3"2 inches from 
the end of the magnet. The curves of iron-filings (fig. 9) 
indeed give indication of the great strength and concentration 
of field there is produced close to the iron by the wire coned 
at the end, as employed in the magnet No. 4. 
With, then, a definite iron core, a definite length of wire to 
be coiled on it, and to be traversed with a definite current, he 
mode of coiling to produce the largest field depends entirely 
on the distance from the end of the electromagnet at which 
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400 Mr. E. H. Cook on the Regenerative 
the field is to be produced. With the particular magnet we 
have employed we see that, at distances from the end of the 
magnet very small compared with the length of the core, the 
wire should all be coiled up at the near end of the core, as in 
fig. 4 ; to create a field at a distance from the end of the mag- 
net equal to about a third of the length of the magnet, it is 
better to coil the wire uniformly over one half of the core, as 
in fig. 2, than to cone it up at the near end as in 4 ; while 
for distances from the end of the magnet equal to, or ~reater 
4 . . . .  than, about ~-of the length of the core, the uniform mode of 
winding is the best. 
We have to thank two of our students, Messrs. Sayers and 
Pink, for most cordial assistance rendered us in this investi- 
gation. 
LX. The Regenerative Theory f Solar Action. By ERNEST 
H. COOK, B.Sc. (Lend.), A.R.C.S., Trade and Mining 
Sc]wol, Bristol ~. 
I HAVE ventured thus to name the them 7 recently pro- 
pounded byDr. (now Sir Win.) C. W. Siemens, in a paper 
read before the Royal Society in March 1882, because of the 
essential feature which it possesses. Solar heat is kept up, on 
this theory, by supposing reciprocal actions to go on using only 
the same materials but under different conditions. The diffe- 
rent conditions are those which obtain in or near the sun and 
those of interplanetary space--in the first case subjecting the 
matter to intense heat and pressure, in the second to intense 
cold and rarefaction. The theory has received considerable 
discussion, more especially by MM. Faye and Hirn (Comptes 
Rendus, Oct. 9 and :Nov. 6, 1882) ; but there are some points 
which, so far as I am aware, have not been raised. As the theory 
possesses a very high scientific value, and as Dr. Siemens, in 
enunciating it, states that he submits it "to the touchstone of 
scientific riticism," I venture to point out what appears one 
or two difficulties connected with it. I f  another eason for 
presenting these points for consideration be wanted, it is in 
the hope that it will give Dr. Siemens the opportunity of 
making some such interesting communication ashe has done 
in his reply to the criticism of M. Faye (Comptes Rendus, 
Oct. 30, ls~2)¢. 
Communicated by the Author. 
t The original paper and the whole of the published criticisms which 
it has called forth, together with the replies of Dr. Siemens and other 
matter, are contained in a volume recently published by Macmillan & Co., 
entitled ' The Conservation f Solar Energy.' 
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